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 １ 論文題目（英文の場合は，和訳を付記すること。） 
A Force Distribution Measurement System for Soft Tissue Balancing During Total Knee 
Arthroplasty.                                        
全人工膝関節置換術における軟部組織バランスに対する応力分布計測システムに関する
研究                                                
 
 ２ 要  旨（和文 2,000 字程度又は英文 800 語程度にまとめること。） 
   Nowadays, an increasing demand for Total Knee Arthroplasty (TKA) was recorded every year 
especially in the developed country. Besides the ageing population factor, advancement in TKA 
technology accelerates the demand for procedure especially in younger patient. This trend, 
however, resulted in a higher number of TKA failure recorded primarily contributed by younger 
patient due to active daily lifestyle. The ligament balance, which is a crucial parameter for the 
success of TKA only qualitatively assessed in a manner of subjective "feel" of the surgeon. Thus, 
the goal of this study is to develop a force distribution measurement system based on 
pressure-sensitive conductive rubber.                                                  
   The force distribution system is composed of force sensor, signal acquisition and force display 
unit. Three possible force sensors, specifically designed based on individual prosthesis were 
proposed and individually evaluated. The final force sensor design consists of two thin sheets of 
pressure-sensitive conductive rubber (PCR) sandwiched between a set of horizontal and vertical 
electrodes, and a tibial insert sensor case modeled from a specific prosthesis to hold the 
PCR-electrodes components together. A set of horizontal and vertical electrode consists of 16 
horizontal and 8 vertical conductive tracks that made up 128 sensing elements in each side of 
tibial condyles. A sensing element is defined as an intersection point between the horizontal and 
the vertical conductive track. Two sensor cases were developed based on posterior stabilized 









MOHD HANAFI BIN  
MAT SOM 
   PCR plays an important role in the sensing mechanism as it controls the amount of current 
passing through the horizontal and vertical electrodes. The PCR size adopted was 
22.0 × 20.0 mm2 with 1.0 mm thickness, with an effective sensing area of 18.5 × 18.5 mm2 for 
mobile bearing prosthesis and 19.7 × 18.4 mm2 for fixed bearing prosthesis. An experiment was 
conducted to investigate the creeping characteristics of the PCR. A constant 100 N compressive 
force was applied on the PCR for 300 seconds. The results showed a decreasing voltage pattern of 
the sensing elements with respect to time. Further investigation found the results were influenced 
by the load cell that showed decreasing force pattern over time—affected by the jigs used in the 
experiment. A one-way analysis of variance (ANOVA) with Tukey post hoc test performed 
showed the percentage force differences of the sensing elements were smaller than the percentage 
force differences of the load cell (p < 0.05). An experiment was also carried out to test the stress 
relaxation characteristics of the PCR. Five different forces ranging from 20 N to 200 N were 
individually applied to a new PCR at a specific time interval between 1 to 5 minutes for each 
cycle. The results show minor voltage changes with different relaxation time. It was also found 
that each PCR had a different response to the applied force believed to be affected by the density 
of conductive filler within the vicinity of each sensing element. PCR calibration was carried out 
to find the relationship between the applied force and voltage. Cubic spline interpolation and back 
propagation neural network (BPNN) was adopted to fit the force–voltage curve. A one-way 
ANOVA performed showed no significant difference (p > 0.05) between the methods. Thus, the 
cubic spline was opted for its simplicity over BPNN.                                      
   Eight in vitro malalignment experiments were performed at 0° extension and 90° flexion to 
study intraoperative forces and kinematics of MB and FB prosthesis. The results showed different 
kinematics between the two prostheses in extension and flexion. Small lateral posterior femoral 
rollback (PFR) movement of the MB prosthesis center of gravity (COG) was observed from 
extension to flexion. On the contrary, the COG of FB prosthesis showed significant medial PFR 
of 9.53 mm posteriorly and lateral PFR of 11.07 mm posteriorly. In neutral position, the medial 
load share was 49% for MB prosthesis and 51% for FB prosthesis. Upon malrotation, 
self-alignment mechanism of MB prosthesis plays its role but only to some extends during 
extension and flexion. It was also found that the force distribution was better in FB prosthesis. 
Varus resulted in greater net forces on medial condyle in extension and flexion for both MB and 
FB prostheses. On the contrary, greater net force on lateral condyle were observed during valgus 
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however, did not affect the MB prosthesis as much as it affects FB prosthesis.                                       
   In conclusion, the developed force distribution system was able to quantitatively measure the 
musculoskeletal forces and its corresponding location indicated by the COG of the measured 
force. The system has also successfully demonstrated the ability to evaluate the MB and FB 
prosthesis kinematics. The encouraging results obtained thus opens a possibility to expand the 
research on the in vivo and clinical study, that may consequently improve the TKA ligament 
balance upon successful results.                                                       
 
